This study provided a reliable way to identify and estimate the ergosterol in farm environments, since it is renowned that it is a specific indicator for the occurrence of molds and yeasts. The quick valuation of exposure to airborne microorganisms is essential to assess the risk to which the health of employees is subjected in working places characterized by great humidity. From this view, it is worth estimating the total biomass of molds and yeast, including viable and non-viable forms, which may cause respiratory concerns to human. Air samples were collected with a passive method and the microbial growth was evaluated with a traditional counting method. At the same time, the ergosterol was quantified from yeasts and molds. In this way, the aerosol concentrations of molds and yeasts were compared by using the two methods, the cultivation on plates, as well as through ergosterol measurement by means of UV spectroscopy. Results showed, for the first time, a positive correlation between the amount of ergosterol and the yeast cells. Based on these outcomes, the ergosterol is a statistically significant biomarker to be used to control the air quality of indoor and outdoor farm spaces, by means of a simple and direct UV procedure.
INTRODUCTION
Microbial contamination of environment (air, soil and water) represents one of the most serious public health problems. In particular, fungi and yeasts are ubiquitous organisms responsible for many human pathological conditions, and Alternaria spp., Aspergillus spp. and Penicillium spp., belonging to Ascomycota, show highly statistically significant associations with specific and general illness symptoms. In fact, they may cause immune reactions because their cell debrides, spores and metabolites are allergens (Dharmage et al. 2002; Kolstad et al. 2002; Poole et al. 2010; Khan and Karuppayil 2012) . A relationship between the stay in workplaces with wetness and/or fungal contamination and various symptoms linked to health concerns has been indicated in the current epidemiologic literature (Pasanen 2001; Kolstad et al. 2002) . The health effects that are caused by fungal exposure are classified into infections, allergies, toxic effects and irritation (Pasanen 2001) . Recently, a possible mechanism was fairly reviewed by Kolstad et al. (2002) who suggested an immunoglobulin E-mediated allergy in people exposed to high moldness environments, leading to threats on respiratory and mucosal systems. Nevertheless, a clear cause-effect relationship in environmental studies is often underestimated because of the lack of standardized protocols for fungal sampling and analyses, and the hard understanding about the origin of the professional hazards, i.e. whether they deal the moldness exposure or other causes (Pasanen 2001) . At present, in order to determine air risk assessment in indoor and outdoor places, the conventional methods suitable for official controls are the culture based, which consist of cultivation and enumeration of colonies after incubation for fixed periods on specific medium (Beuchat 1992; Pasanen 2001; Hare 2013) . These tests are very common among the labs around the worlds nevertheless, from the view of healthy, it would be better to estimate the total biomass of molds and yeasts, including viable, non-viable forms, spores and debrides, which may affect the human respiratory system, rather than only the viable microorganisms. Moreover, culture methods are time-consuming, because they require at least from 5 to 7 days before a result can be achieved, and less accurate and not appropriate for automation (Davey 2011) . For identification and count of pathogenic fungi in the air, PCR-based approach was proposed offering new perspectives, but due to its high cost, the method cannot be used routinely (Williams, Ward and McCartney 2001; Gutarowska, Skóra and Pielech-Przybylska 2015) . A search for more rapid and efficient techniques has led to identify components and/or products to be used as fungal biomarkers: volatile organic compounds (VOC), β-D-glucan, ergosterol, mycotoxins, allergens and extracellular polysaccharides (Cheng, Lau and Fang 2008; Burshtein, LangYon and Rudich 2011; Gutarowska, Skóra and Pielech-Przybylska 2015; Kozajda et al. 2015) . Among these, the measurement of ergosterol is faster and easier; it takes few hours, compared with days or weeks required for culture analysis, and it has the advantage that it reveals unculturable forms too. Ergosterol is a membrane sterol characteristic of molds and yeasts, where it occurs as provitamin D, and accounts for 10%-80% (depending on growth phase) of all sterols present in the mycelium. Many authors recommended ergosterol as a specific biomarker for the fungal presence, unlike the glucans that is present in bacteria and plants too (De Sio et al. 2000; Cheng, Lau and Fang 2008; Gutarowska, Skóra and Pielech-Przybylska 2015; Kozajda et al. 2015) . Furthermore, ergosterol has been even documented in different study areas as unquestionable parameter useful for the characterization of processed foods (tomato), fruits (fig, grape, hazelnut) , beverages (juices, wines), cereals and feeds (Schnürer and Jonsson 1992; De Sio et al. 2000; Kadakal, Nas and Ekinci 2005; Karaca and Nas 2006; Ng et al. 2008; Ekinci, Otag and Kadakal 2014; Porep et al. 2015) .
Some chemical techniques, chromatographic and spectroscopic, such as HPLC, CG (coupled with FID, MS or MS/MS), UV or NIR were considered for ergosterol determination (De Sio et al. 2000; Gutarowska, Skóra and Pielech-Przybylska 2015; Kozajda et al. 2015) . Since the above-mentioned common methods to determine ergosterol are time and money consuming, excepting UV, in this study UV spectrophotometry was employed in order to demonstrate a correlation between ergosterol content and fungal occurrence.
This study was conducted in buffalo (Bubalus bubalis) farms, a very important economic reality for the Campania Region (Italy), representing the world production of mozzarella cheese with about 67% of national cattle heads located mainly in this Italian territory (data of National Institute of Statistic, 2013). These farm sites are characterized by high quantity of organic material and great humidity, both aspects favoring the growth and the concentrations of airborne microbes. These latter are mainly constituted by viable and non-viable fungi and the workers are daily exposed for many hours to pathogen and non-pathogen microorganisms. Hence, reliable and simple methods, to monitor and study professional exposures to fungal constituents are mandatory to control the quality and the safety of air, especially for those workers that in their daily activities, such as cowshed and buffalo handling, milking, feeding, feed storing, cleaning of cowsheds and excreta disposal, are exposed to these biological hazards.
MATERIALS AND METHODS

Air sampling
This study was carried out in three different buffalo farms producing dairies, located in Caserta province (Italy), with an average of 100 buffaloes per household farm and about 15 employees per each ranch. Air samples were collected in two types of separated spaces: the feeding room (F) was an outdoor area, and the milking room (M) had two openings. In each farm, sampling was performed in two different times: early in the morning at rest (R) before the beginning of activity, and while employees were working, in operational (O) conditions. All samples were collected in duplicate forms according to the passive method (Pasquarella, Pitzurra and Savino 2000) . Briefly, the plates were left open for 1 hour, at 1 m from the floor and at least 1 m away from walls or any obstacle, following the 1/1/1 scheme. Passive sampling was performed to determine the Index of Microbial Air Contamination (IMA) as reported by Pasquarella, Pitzurra and Savino (2000) . This index corresponds to the number of colony forming units (CFU) counted on a Petri dish with a diameter of 9 cm. Molds and yeasts were examined using Malt Extract Agar (MEA) with added chloramphenicol (25 mg/L). All plates were incubated for 5 days at 28
• C and subsequently the colonies were counted. The results were normalized and expressed in CFU/dm 2 /h.
Culture medium analysis
For each air sample, a yeast and a mold colony, identified on the basis of their macroscopic morphological features, was inoculated separately in a 15 mL of ME with added chloramphenicol (25 mg/L). Yeasts and molds growths were carried out at 28
• C, in a rotary shaker at 100 g. After 2 days for yeasts and 5 days for molds, a volume of 14 mL was centrifuged at 100 g for 20 min, at 4
• C. The pellets were freeze dried to determinate dry weight and then used for ergosterol extraction. The remaining 1 mL of yeasts and molds growths was plated on MEA, utilizing serial dilutions. All plates were incubated at 28
• C and CFU/mL was determined after 2 days for yeasts and after 5 days for molds. All experiments were carried out in duplicate.
Method for ergosterol extraction and quantification
Ergosterol content was determined starting from the analytical procedures described by other authors in common ambient (Cheng, Lau and Fang 2008) , in work environments (Kozajda et al. 2015) , on building materials (Hippelein and Rügamer 2004) and in medicine (Arthington-Skaggs et al. 1999) , with some modifications. Briefly, ergosterol was extracted from yeast and mold cells by saponification adding a 25% potassium hydroxide solution in 65% of ethanol in a ratio of 1:5 (w/v). After mixing with a vortex for 1 min, cell suspensions were incubated in an 80
• C water bath for 1 h and 30 min. The saponified ergosterol was then extracted twice by adding distilled water and petroleum ether in a separating funnel (ratio 3:1:3, v/v/v). The upper phases were evaporated to dryness on a vacuum evaporator and the extractions were monitored by means of thin layer chromatography (TLC), using petroleum ether/ethyl ether (EP/EE) 6:4 (v/v) as shaker at 100 g. The extraction was performed by saponification, followed by extraction of non-saponificable lipid fractions, as described previously. Finally, the ergosterol was purified by preparative TLC, eluting with EP/EE 1:1 (v/v).
Statistical analysis
All analyses were carried out in duplicate forms or otherwise it was stated. Ergosterol calibration curve and linear regression analyses (R 2 ) were determined using Microsoft Excel 2013 (Microsoft Corporation, Redmond, WA, USA). Pearson correlation coefficients (r) were calculated by using CORREL statistical function in Microsoft Excel 2013, followed by t-Student test (two-sample equal variance, using two-tailed distribution). Differences at P < 0.05 were considered significant and P < 0.01 were highly significant.
RESULTS AND DISCUSSION
This work was conducted in two stages: the first part of the study focused on the passive method and the CFU counting to check the air at rest and in operational conditions in three different dairy farms. The next step was carried out to extract and quantify the ergosterol to be used as fungal biomarker in farm environments. At present, there are no specific indications regarding the protocols to be used in air sampling, in neither the Italian normative nor internationally (Napoli, Marcotrigiano and Montagna 2012) . Gravity or depositional sampling (passive method) is considered a non-qualitative collection method, since it can be affected by the size and shape of airborne particles and by the flow of surrounding air. Nevertheless, a passive method presents numerous advantages: it is simple, economical as well as readily available, and the results obtained are reliable and reproducible (Pasquarella, Pitzurra and Savino 2000) .
In Table 1 , the number of yeast and mold colonies was reported, expressed as CFU/dm 2 /h, settled at rest (R) and in operational (O) conditions. Moreover, the IMA was shown in order to establish the level of contamination of each site sampling. The five classes reported for IMA ranged from 0 to 5, very good, up to 76 that means very poor (Pasquarella, Pitzurra and Savino 2000) . The maximum IMA value of 76 can be found in very dirty areas; 50 was a medium value corresponding to day hospital, food industries and kitchens; the 25 value characterized area at high risk, such as clean rooms, conventional operating theatres, continuous care and dialysis unit. Finally, the 5 IMA value was indicated for places at a very high risk, like ultra-clean rooms, operating room and pharmaceutical industries (Pasquarella, Pitzurra and Savino 2000) . The IMA method considers that, in the absence of officially approved standards, the operator identifies which class of IMA has to be adopted as the maximum limits for the environments. Considering farm 1, only in the feeding room at operational conditions (1F-O) the IMA exceeded the maximum value of 76, as reported in Table 1 . Instead, IMA in 1F-R and 1M-O was medium and in 1M-R was good. In farm 2, the air in the feeding room resulted contaminated because the IMA values were greater than 76, either at rest or at the operational mode (2F-R and 2F-O). On the contrary, in the milking room in both conditions (2M-R and 2M-O), the IMA was between 6 and 25, showing a low contamination level of the air. Farm 3, showed a good IMA value in the feeding room at rest (3F-R) and in the milking room at operative manner (3M-O). Moreover, it displayed a fair IMA value in the feeding room at operating (3F-O) and a contaminated conditions in the milking room at rest (3M-R). These results showed that exposure to yeasts and molds is a real problem for farm workers.
As the conventional methods for determining microbial growth based on CFU counting did not allow to detect uncultivable, damaged and dead cells to overcome these limitations the CFU data were compared with ergosterol amount. The ergosterol extracted from the cultivated cells was identified by means of TLC and through the specific UV spectrum, between 240 nm and 300 nm, as showed in Fig. 1A and B, respectively. As depicted in Fig. 1A , the ergosterol on TLC had a single well-defined spot with a R f of 0.3, using the reported solvent system. In Fig. 1B , the UV spectrum of ergosterol showed two major peaks at 274 nm and at 282 nm, and one minor peak at 290 nm with a shoulder at 262 nm, corresponding to the characteristic behavior reported by Smith and Korn (1968) . Furthermore, the peak at 282 nm was indicative of a conjugated diene that was typical of the ring B of ergosterol (Fig. 1C) .
In Tables 2 and 3 , dry weight, CFU/mL and ergosterol content were reported for yeasts and molds. The highest concentration of yeast was 1.59 × 10 7 CFU/mL in 1F-R, whilst the lowest value was 1.31 × 10 6 CFU/mL in 3F-R. Concerning the molds, maximum growth was 9.00 × 10 5 CFU/mL in 1F-R and minimum one was 1.80 × 10 4 CFU/mL in 3F-R. The ergosterol amount in yeasts ranged from 1.37 × 10 1 to 7.63 × 10 2 pg/CFU, respectively, in 3F-O and in 1M-O, while in molds the content ranged from 1.17 to 7.46 × 10 2 pg of ergosterol per CFU, respectively, in 1F-O and in 1F-R. These results suggested a wide range and a high variability of the ergosterol quantity (pg) for each single colony, both in yeasts and in molds analyzed.
The relationship between the ergosterol content and the fungal growth, expressed as dry weight of cells and CFU, was determined using the Pearson correlation analysis. Data obtained from Tables 2 and 3 led to calculate r values for yeasts (r = 0.949) and molds (r = 0.976), showing a highly significant positive correlations (P < 0.01) between the ergosterol content and the dry weight. Moreover, the correlation analyses revealed that the ergosterol content was significant correlated (P < 0.05) to the CFU/mL in molds (r = 0.668); meanwhile, in yeasts (r = 0.971), this correlation was highly significant (P < 0.01). According to the study of Cheng, Lau and Fang (2008) , a high degree of linearity was found in the relationship among the ergosterol content, the spore and the cells number. Kozajda et al. (2015) reported no statistically significant correlation between the concentration of ergosterol and the fungi biomass, in heavily contaminated work environment. In spite of this latter study, in this work the positive correlation was demonstrated. These outcomes could be explained by the fact that the passive method in this case employed is less affected by erroneous measurements, i.e. the underestimation reported by Kozajda et al. (2015) that founded lower r-values.
A linear relationship between the ergosterol content vs dry weight and the number of cells (CFU) is shown in Fig. 2 , for both yeast and mold cells. The linear equations for yeasts were y = 6.5698 x − 21.222 and y = 5 × 10 −6 x + 59.99 , obtained by plotting dry weight of cells (mg) vs ergosterol (μg) and CFU/mL vs ergosterol (μg) and are reported in Fig. 2A and B, respectively. The coefficients of regression (R 2 ) for ergosterol in yeasts vs dry weight and CFU/mL were 0.9088 and 0.9391, respectively, suggesting a high degree of linearity. In Fig. 2C and D, the linear regressions obtained for molds were showed. No linear relationship was found between the amount of ergosterol and the mold growth. This contrast may result considering that many species of molds were present in the air at the same time (Cheng, Lau and Fang 2008) . Moreover, since the ergosterol is a membrane sterol, the specific molecule content was directly proportional to the mold size and species, over that linked to the different rates of biosynthesis among the diverse strains. These inter-species divergences in molds could be responsible for the inability to generate a linear regression between the content of ergosterol and the mold growth, according to Cheng, Lau and Fang (2008) . At our knowledge, this is the first time that the UV assessment of ergosterol was carried out in the farm sites comparing to the traditional culturable methods in a statistically significant way. Moreover, the UV spectrophotometry is a rapid, simple and cheap method able to be easily used by anyone without particular scientific expertizes or skills, respect to the common traditional analytical methods. The ergosterol has been confirmed as biomarker for the presence of microbial contamination in the workplaces. Based on these results the biomarker seems to be a reliable indicator to encourage the use of preventive measures in order to protect the employees' respiratory tract from fungal exposure and to implement hygienic rules in a more restrictive way.
